Introduction
In this work we present measurements of the interaction of a picosecond laser pulse with a solid target. Time integrated x-ray spectra and pinhole images are compared with collisional radiative and radiation hydrodynamics simulation codes in order to characterize the plasma properties in terms of density and temperature.
Experimental Setup
The experiment was carried out at the Central Laser Facility at the Rutherford Appleton Laboratory (UK). 30 mJ, 15 ps, 532 nm, s-polarized laser pulses from a 10 Hz Continuum Leopard-D10 Nd:YAG laser system were focused on a solid titanium slab (30 x 15 x 3 mm 3 ) to a spot diameter of ~25 μm at a nominal intensity of 10 14 W/cm 2 . Pulses at fundamental frequency (1064 nm, 70 mJ) are also used in the experiment. A highly orientated pyrolytic graphite (HOPG) crystal in 002 orientation [1] coupled to a Fujifilm TR2040 image plate detector [2] measured Ti Kα line emission at 4.51 keV, its satellites, and the Ti Kβ line at 4.93 keV. The overall spectral resolution was E/ΔE~350. An x-ray pinhole camera consisting of four pinholes was used to monitor the radiation temperature. Different filter materials in each pinhole provided spectral information in the energy range up to a few keV. To achieve good signal-to-noise ratio, the signal was integrated over a large number of shots.
Results
The 1D radiation hydrodynamics code HELIOS [4] was used to simulate the titanium plasma. It predicts a maximum radiation temperature of T r~7 0 eV and a maximum electron temperature of T e <150 eV. The mass density is varying from 0.001 to 0.1 g/cm 3 in front of the target. Fig.  1 shows the measured calibrated titanium spectrum at different irradiation intensities and laser wavelength. All spectra were rescaled to equal intensities of the Kα lines. We clearly see that the spectra taken with 532 nm irradiation show a large number of satellites lines up to the Heα line. In contrast, at 1064 nm illumination only the Kα to Kβ lines appear with a few additional satellite lines near the Kα emission. The collisional-radiative code FLYCHK [4] was used to estimate plasma conditions in combination with the experimental data. Best agreement with the experimental data in terms of intensity ratio and line position is obtained by assuming that most of the inner shell emission comes from a plasma with T e~1 2 eV and ρ~0.01g/cm 3 . While K-shell lines are produced by hot electron collisions, the emission in the 4.55 to 4.75 keV region is associated to thermal ionization of the titanium plasma. Best agreement with the experimental data in terms of satellites is obtained with an electron temperature of T e =180 eV and a density of 0.45 g/cm 3 . As the wavelength of the laser is increased we see from Fig.  1 a reduction in the satellite emission. For 1064 nm illumination higher hot electron temperatures and backscatter fractions are predicted [5] . We thus speculate that for the 1064 nm case there is a reduced overall coupling efficiency of the laser energy into thermal heating. The integrated measured emission from each pinhole, F i , of the multi pinhole camera was used to extract a value for the radiation temperature of the emitting plasma by a χ 2 minimization procedure:
where A is a constant, T i F the filter's transmission curve, R the detector energy response [3] and σ i experimental uncertainty in the data. We obtained radiation temperatures T r between 35eV and 60eV for different irradiation intensities. HELIOS predicted a maximum radiation temperature of 70 eV for an intensity of 4.5x10 14 W/cm 2 which is comparable to the measured values.
